Abstract-University research parks constitute a potentially important mechanism for university technology transfer and regional economic development. Unfortunately, there is little theoretical or empirical evidence on the firm-level choice decision to locate on such a facility. We fill this gap by outlining and testing a theoretical model of this selection process. Our empirical results suggest that U.S. firms locating on university research parks are more research active and more diversified than the typical public firm reporting R&D activity. We discuss the managerial implications of these findings.
I. INTRODUCTION

U
NIVERSITY research parks were established to facilitate technology transfer and to stimulate the creation, growth, and development of high-technology firms. 1 Universities support research parks in order to enhance their prestige, secure additional funding from the public and private sectors, generate rental income, ensure that university research is more relevant to industry, and provide job opportunities for students at all levels. State and local governments provide financial support for university research parks because they view such institutions as a mechanism for generating technological spillovers and employment growth.
Unfortunately, there has been little theoretical or empirical analysis of the firm-level decision to locate on such a facility. There are at least two reasons for this conspicuous void. First, the study of university research parks is a relatively new topic in the academic literature. Second, there are no publicly-available datasets for the U.S. university research parks. What is known about the U.S. university research parks comes primarily from selected park histories and case-based park studies. These investigations suggest that firms (re)locate in a park to capture research synergies from the other firms in the park and from the university. D. S. Siegel is with the Heckmann Center, University of California at Riverside, Palm Desert, CA 92211 USA (e-mail: donald.siegel@ucr.edu). 1 Link and Scott in [1, p. 44] define a university research park as follows: "A university research park is a cluster of technology-based organizations that locate on or near a university campus in order to benefit from the university's knowledge base and ongoing research. The university not only transfers knowledge but expects to develop knowledge more effectively given the association with the tenants in the research park." The term "research park" seems to be more generally accepted in the United States and the term "science park" seems to be more generally accepted in the European and Asian countries. The purpose of this paper is to begin to fill this gap. Specifically, we formulate a theoretical model of this selection process, which we test using the population of the U.S. publicly traded firms that report positive R&D expenditures.
The remainder of this paper is organized as follows. In Section II, we provide background information on university research parks. A theoretical model of the decision to locate on a research park is outlined in Section III. The following section presents empirical results. The final section of the paper contains preliminary conclusions, caveats, and a brief discussion of the economic and managerial implications of our findings.
II. BACKGROUND INFORMATION ON UNIVERSITY RESEARCH PARKS
In recent decades, there has been substantial growth in the number of university research parks across the world. According to Link and Scott in [5] , there were 81 active university research parks in the United States in 2002. The U.K. Science Park Association (UKSPA) reports that there are 100 science parks in the U.K., most of which are based on or near U.K. universities. Phan et al. in [6] identified, as of 2003, over 200 science parks in Asia, with about one-half being in Japan.
In the United States, the formation of university research parks increased rapidly in the early 1980s, due in large part to the passage of the Bayh-Dole Act in 1980, the R&D tax credit in 1981, and the National Cooperative Research Act of 1984. This growth pattern in formations is similar across regions of the United States. We also know that the U.S. research parks vary substantially in size. For example, the Research Triangle Park in North Carolina has 45 000 employees working on 7000 acres, and the Colorado Bioscience Park in Aurora has 50 employees on 147 acres. Of the population of 81 university research parks through 2002, 20% are focused exclusively on biotechnology and 17% have a single focus on information technology. Of the 39 U.S. university research parks in the planning stage at the end of 2002, 90% are located at state universities; 40% plan to focus on biotechnology; 30% are located at Carnegie Extensive universities; and over 50% of the provosts at planned parks state that the major reason for starting the park was related to regional economic development. 3 Link and Scott in [5] reported that the U.S. research parks have changed the research environment at their universities. They conducted an extensive survey of university provosts to assess the impact of these facilities. They found that universities with a formal relationship with a research park realize greater benefits from that relationship as quantified through increased publications and patenting activity, greater extramural funding success, and through an enhanced ability to hire preeminent scholars and place doctoral graduates.
There has only been one systematic analysis of the impact of university research parks on research productivity. Siegel et al. in [7] constructed a longitudinal dataset containing information on the R&D inputs and outputs of observationally equivalent U.K. firms located on and off university research parks. Estimating several variants of an R&D production function, the authors concluded that research park firms were significantly more productive in their research than comparable firms not located on such facilities. 4 There are also some U.S. findings with respect to employment growth, which many observers believe is the best measure of park success (Link and Link in [8] ). Link and Scott in [1] report that the employment growth of university research parks is greater the closer the park is to the university; is greater if the park is not operated/managed by the university; is the same whether the park's university is state or private; and is less if there is an incubator on the park.
III. MODELING THE DECISION TO LOCATE ON A UNIVERSITY RESEARCH PARK
We model the decision for a firm to join a university research park based on the economic theory of clubs. That is, we conceptualize membership in the park in terms of an invitation from the "club" to join the park. 5 Based on this framework, we can determine the optimal size of a park, and then identify the factors that can induce a change in the optimal size of a park.
The model is described as follows: Consider a university research park that acts as a private organization so that membership in the research park is the result of mutual agreement between the existing park tenants including the university-"the club"-and a potential new member firm. Among the population of firms that are interested in joining the park, let each be characterized by the quality of its R&D, q. Then, the population of such firms can be characterized by the distribution of q, f (q).
The decision to admit a new firm, the jth firm (discussed in the following section), into the park depends on the effect of that firm on the well being of the firms already in the park. For simplicity, we assume that there is some "representative" firm already in the park so that the relevant decision rule is whether the prospective member increases the well being of the "representative" member. 6 For the "representative" firm, hereafter the ith firm, the value of belonging to the park is the opportunity to engage in synergistic activities that can be used to increase its well being, defined to be profits in the output markets in which it participates. As well, although we do not model this, there are additional benefits to the firm from being juxtaposed to a university, as has recently been documented by Rothaermel and Thursby in [12] and [13] . Although their empirical analyses focus on knowledge flows from the university to incubator firms, their conclusion that ". . . faculty involvement . . . facilitates the transfer of tacit knowledge" [12, p. 1086 ] is applicable to firms located on a park. 7 We assume that the ith firm's potential to engage in synergistic activities is linked to its ability to assimilate new knowledge, that is, to its absorptive capacity, A i . We also conjecture that the ith firm's absorptive capacity is a positive function of the quality of its R&D, q i . Hence
The actual level of the company's synergistic activities, S i , which is assumed to be less than or equal to its absorptive capacity A i is assumed to depend on the following factors: the number of other firms in the park and the quality of their R&D 8 as well as the order in which potential firms are invited to join the park (Sandler and Tschirhart in [14] ). 9 Then, the level of synergy of the ith firm is a positive, though convex, function of the number of firms, N , in the park
6 If the decision is made by a simple majority vote of existing firms, the representative firm will be the one with the median view. If the decision is made by a director based on some composite expectation of the effect on members, the representative firm may be some "average firm" (perhaps fictitious). 7 Hall et al. in [10] reach a similar conclusion regarding universities as members of a research joint venture. 8 The ability to engage in synergistic activities depends both on the quality of R&D of the firms with which theith firm interacts and on the quality of the firm's own R&D. 9 In other words, the park will always admit the highest quality firm, among all interested firms, first. such that, as shown in Fig. 1 
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The ith firm engages in synergistic activity to generate profits Π i in its output markets. Assume that such profits increase at a diminishing rate with the level of synergistic activity, S i . Thus
such that, as shown in Fig. 2 dΠ
Given (2) such that, as shown in Fig. 3 
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Of course, there are costs associated with belonging to a university research park. Assume that the cost to the ith firm from belonging to the park consists of a fixed component and a marginal component. The fixed component is the ith firm's proportional share of total park overhead, which includes such factors as the installation and maintenance of basic infrastructure and park administration. The marginal component, which consists of advertising and marketing, physical maintenance of the park, and the cost of joint park activities, is assumed to increase at an accelerating rate with the number of firms in the park. Thus, the ith firm's cost function (for the costs of belonging to a university research park) can be written as
and illustrated in Fig. 4 . The marginal cost to the ith firm from admitting a new firm into the park is therefore
and is illustrated in Fig. 5 . Whether the ith firm is better off as a result of a new firm joining the park, and hence, whether the new firm is invited to join the park, depends on the size of the marginal profits to the ith firm in its output markets (i.e., without inclusion of the costs associated with belonging to the research park), ∂Π i /∂N , with the new firm, compared to the marginal cost to the ith firm, dC i /dN , with the new firm. Thus, the decision rule is Admit the new firm iff
Thus, the equilibrium number of firms in the park will be that number of firms, N * , that solves the ith firm's objective function
and this solution will be characterized by the first-order condition dΠ i dS i
Fig . 6 provides the graphical representation of this problem and its solution.
IV. EMPIRICAL ANALYSIS
A key empirical implication of the theoretical model is that firms conducting higher quality research are more likely to locate on a university research park. To test this hypothesis, we identified the population of publicly traded firms in 2002 that reported nonzero R&D expenditures and sales in Compustat. We then determined whether these firms had a research facility located on one of the 81 operating U.S. university research parks as of 2002-the year of the most recent data on the population of the U.S. university research parks (Link and Scott in [1] ). Our primary resource for mapping each Compustat firm to a particular park was the park's directory of tenants. Our secondary resource was the Internet information regarding each firm.
The relative quality of a firm's R&D is defined in two ways. The first proxy is the level of the R&D expenditure. A second indicator is the extent of firm diversification. We conjecture that the R&D expenditure is an indicator of the firm's potential to generate research spillovers to other firms on the park and for the creation of a synergistic environment. The extent to which each firm is diversified in the output market also proxies the probability of spillover and synergistic benefits from innovative investments to other park firms. 10 Firm diversification is calculated from the information in the Register of Corporations relevant to 2002. We use two alternative measures of diversification: FD-the number of 4-digit industrial categories in which each firm reports sales and WFD-the number of 4-digit industrial categories within each firm's major 2-digit industry in which each firm reports sales.
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The two equations we estimate are Prob (locating in a park) = f(RDFD, MANUF , SALES ) Prob (locating in a park) = f(RDWFD, MANUF , SALES ) (17) where "locating in a park" is measured by dPark, a dummy variable equal to 1 if the firm is located in a university research park, and 0 otherwise. The first two independent variables are defined as earlier, and MANUF is a dummy variable equal to 1 if the firm's primary industry is manufacturing, and 0 otherwise. 12 Also included in the specifications is firm sales, SALES, to control for unobserved firm heterogeneity. Sales data for 2002 were also obtained from Compustat.
Descriptive statistics for the variables included in the regression analysis are presented in Table I . These figures show that 3% of the 2010 Compustat firms in 2002 were located on a university research park. Not surprisingly, it appears that firms conducting R&D are more likely to be engaged in manufacturing activities. Table II presents the partial derivatives of the Probit index for each of the independent variables. 13 Note that in each variant of the model, the estimated effect of the R&D expenditures is positive and significantly related to the probability that a firm will locate on a research park. There is evidence that the R&D effect is nonlinear, being positive to a level of R&D of nearly $4 billion. However, less than one-half of 1% of U.S. firms allocate that much money to R&D. Thus, over what we consider the relevant range of R&D expenditures, our theoretical prediction holds.
For both measures of diversification, the estimated Probit coefficient is positive and significantly related to the probability that a firm will locate in a research park. This finding is also consistent with our theoretical prediction. To elaborate, we evaluated the probability of a firm locating in a research park from the estimated parameters in columns 1 and 3 of Table III using the mean values of each of the independent variables. For diversification measured as FD, the estimated probability is 2.96%; for diversification measured as WFD, the estimated probability is 3.08%. 14 Note that the previous two conclusions hold whether a prospective firm is in the manufacturing or service sector.
V. CONCLUSION
Our empirical results appear to confirm the predictions of our theoretical model. These findings also provide some strategic guidance to universities that are either recruiting firms to newly 13 These results should be interpreted as descriptive findings and not as causal findings.
14 As an anonymous referee suggested, we also estimated these probabilities for FD and WFD measured as ±1 standard deviation from the mean. The corresponding estimated probabilities for FD range from 2.10% to 4.10%, and the estimated probabilities for WFD range from 1.94% to 4.72%.
established parks or to planned parks. As a benchmark, universities with a limited "recruiting budget" should focus on those firms that are relatively R&D intensive and those that are more highly diversified. Note from Table I that only about 3% of the population of public R&D-active firms has a research facility located in a university research park. Thus, the size of the potential (i.e., that are not currently in a park) population of firms to recruit to locate in a park is large.
A caveat to our findings is the possibility that our data may be subject to selection bias, given that our data consist exclusively of publicly held firms. This is problematic since firms that are "at risk" of locating on a science park tend to be somewhat smaller and are more likely to be privately held than representative firms. Thus, caution is warranted in generalizing from our findings. In future research, we hope to extend our analysis, in the broad sense of our model, to explain the type of firm (e.g., established R&D firm versus startup firm) that located on a university research park.
From the firm's perspective, the decision to locate on a university research park is dependent on its ability to realize innovation externalities from other organizations located on or near the park, including the university (and likely on tacit knowledge flows from university faculty to firms, although this effect was not estimated). As such, decision makers should consider the scale, scope, and diversification of park members as well as the potential for new members before committing to a park location. As noted earlier, of the 39 planned parks as of 2002, 40% plan to focus specifically on biotechnology. If this is indicative of a trend toward the adoption of a technology-specific focus, then prospective university research park tenants should consider both the current and future state of research synergies. Relatedly, from a theoretical perspective, our model could be expanded to take into account such issues as negative spillovers from a new member, the effects of the size of the park or characteristics of its university on the locational decision, and the distributional effects of spillover benefits from a new member firm across park members. 15 Finally, an important issue not considered in this paper, but worthy of additional research, relates to the life cycle of firms on university research parks. Little is known about how long firms remain as park tenants and, if they leave the reasons for doing so. Insights gained from such research could provide additional strategic guidance to universities with a research park as they seek to maintain tenants, or to universities planning to establish a park in seeking tenants.
